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WRF-CHEM model and configuration
The WRF-CHEM model used in the study is developed by Li et al. (2) (3) (4) (5) Quality (CMAQ) model is designed to be an efficient and economical depiction of aerosol dynamics in the atmosphere (6). The particle size distribution in the study is represented as the superposition of three lognormal subdistributions, called modes, which includes the processes of coagulation, particle growth by the addition of mass, and new particle formation. Following the work of Kulmala et al. (7), the new particle production rate presented here is calculated as a parameterized function of temperature, relative humidity, and the vapor-phase H2SO4 concentration due to binary nucleation of H2SO4 and H2O vapor, and the new particles are assumed to be 2.0 nm diameter. The wet deposition follows the method used in the CMAQ and the surface deposition of chemical species is parameterized following Wesely (8) . The photolysis rates are calculated using the FTUV (3, 9) , in which the effects of aerosols and clouds on photolysis are considered.
The inorganic aerosols are predicted in the WRF-CHEM model using ISORROPIA Version 1.7 (10) . The secondary organic aerosol (SOA) formation is calculated using a non-traditional SOA module. The volatility basis-set (VBS) modeling method is used in the module, assuming that primary organic components are semi-volatile and photochemically reactive and are distributed in logarithmically spaced volatility bins. Detailed information about the volatility basis-set approach can be found in Li et al. (4) . The SOA formation from glyoxal and methylglyoxal in this study is parameterized as a first-order irreversible uptake by aerosol particles and cloud droplets, with a reactive uptake coefficient of 3.7×10 -3 for glyoxal and methylglyoxal (11) (12) (13) .
A persistent air pollution episode from 04 December 2015 to 27 December 2015 in the NCP is simulated using the WRF-CHEM model (Table S1) Microphysics scheme WSM 6-class graupel scheme (14) Cumulus scheme Grell-Devenyi ensemble scheme (24) Boundary layer scheme MYJ TKE scheme (15) Surface layer scheme MYJ surface scheme (15) Land-surface scheme Unified Noah land-surface model (16) Longwave radiation scheme Goddard longwave scheme (25) Shortwave radiation scheme Goddard shortwave scheme (19) Meteorological 
